Initiation and propagation of regenerative Ca(2+)-dependent potentials in dendrites of layer 5 pyramidal neurons.
The initiation and propagation of dendritic Ca(2+)-dependent regenerative potentials (CDRPs) were investigated by imaging the Ca(2+)-sensitive dye Fluo-4 during whole cell recording from the soma of layer 5 pyramidal neurons visualized in a slice preparation of rat neocortex by the use of infrared-differential interference contrast microscopy. CDRPs were evoked by focal iontophoresis of glutamate at visually identified sites 178-648 microm from the soma on the apical dendrite and at sites on the basal dendrites. Increases in [Ca(2+)](i) were maximal near the site of iontophoresis and were graded with iontophoretic current that was subthreshold for evoking CDRPs. CDRP initiation was associated with a [Ca(2+)](i) rise that differed from a just-subthreshold response in both magnitude and spatial extent but whose amplitude declined both proximal and distal to the iontophoretic site. These [Ca(2+)](i) rises, whether associated with subthreshold or regenerative voltage responses, were minimally affected by blockade of N-methyl-D-aspartate receptors but were abolished by Cd(2+), suggesting that Ca(2+) influx through voltage-gated channels caused the rise of [Ca(2+)](i). On the assumption that the rise of [Ca(2+)](i) during a CDRP marks the spatial extent of regenerative Ca(2+) influx, we conclude that CDRPs can be evoked at any point on the main apical or basal trunk where membrane potential reaches CDRP threshold rather than at discrete "hot spots," the CDRP is initiated at a spatially restricted site, and it propagates decrementally both distal and proximal to its initiation site. These results raise the possibility that synaptic integration may occur first in the dendrites to evoke a CDRP. Because these responses propagate decrementally to the soma, they are able to sum with input from other regions of the cell so that the cell as a whole remains integrative.